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ORIGInAL ARTIcLe InTRODUcTIOn
Benign prostatic hyperplasia (BPH) is a highly prevalent disease in elderly men. By the age of 60, almost 60% of the cohort in the Baltimore Longitudinal Study of Aging had some degree of clinical BPH (1) . The gold standard surgical treatment for BPH is transurethral resection of the prostate (TURP) (2) . Recent surgical techniques using lasers, such as photoselective vaporization of the prostate (PVP), holmium laser enucleation of the prostate (HoLEP) and thulium laser enucleation of the prostate (ThuLEP) have been popularized, with a number of reports documentPurpose: To appraise the evaluation methods for learning curve and to analyze the non-mentor-aided learning curve and early complications following the holmium laser enucleation of the prostate. Materials and Methods: One-hundred and forty (n=140) consecutive patients who underwent HoLEP from July 2008 to July 2010 by a single surgeon (SJO) were enrolled. Perioperative clinical variables, including enucleation time, morcellation time, enucleation ratio (enucleation weight/transitional zone volume), enucleation effi cacy (enucleated weight/enucleation time), enucleation ratio effi cacy (enucleation ratio/enucleation time), and early complication rate were analyzed. Results: Mean prostate volume was 62.7 mL (range 21-162) and preoperative International Prostate Symptom Score (IPSS) was 19.0 . Mean enucleation time and morcellation time were 49.9±23.8 (S.D.) min and 11.0±9.7 min, respectively. Median duration of postoperative indwelling catheter was 1 (1-7) day and median hospital stay was 1 (1-6) day. There were a total of 31 surgery-related complications in 27 patients (19.3%) , and all were manageable. There was an increasing trend of enucleation effi cacy in the fi rst 50 cases. However, enucleation effi cacy was linearly correlated with the prostate size (correlation coeffi cients, R=0.701, p<0.001). But, enucleation ratio effi cacy could eliminate the confounding effect of the prostate size (R=-0.101, p=0.233). The plateau of enucleation ratio effi cacy was reached around the twenty-fi fth case. Conclusions: Our results demonstrated that the operative learning curve plateau is reached after about 25 cases. We propose that a more appropriate parameter for estimating the operative learning curve is enucleation ratio effi cacy, rather than enucleation effi cacy.
ing their merits. HoLEP can confidently remove the entire enlarged adenoma through the use of Holmium:YAG laser in the natural tissue plane of the surgical capsule.
After the first clinical report by Gilling et al. in 1996, several randomized control trials have been reported (3). Compared to TURP or open prostatectomy, HoLEP has similar clinical outcome, lower postoperative complication rate and requires shorter hospital stay (4) (5) (6) (7) (8) . In addition, HoLEP appears to be a true endourological alternative to open prostatectomy, because it can effectively treat a very large prostate (9, 10) .
However, a steep operative learning curve may be the main hindrance to widespread use of HoLEP despite its advantages. Some researchers have argued that a surgeon needs between 20 and 30 cases of experience to attain competency (6, 11) , while others have argued that up to 50 cases are needed (12, 13) . This discrepancy comes mainly from the absence of an accurate way to evaluate the operative learning curve. Therefore, the purpose of this study was to evaluate a proper method to assess the learning curve to attain competency to perform enucleation of prostate using HoLEP.
MATeRIALS AnD MeTHODS
One-hundred and forty (n=140) consecutive patients who underwent HoLEP for the treatment of BPH from July 2008 to July 2010 were enrolled. All patients were treated by a single surgeon (SJO). Preoperatively, history taking, physical examination with digital rectal exam, International Prostate Symptom Score (IPSS), quality of life (QoL), frequency-volume chart, urinalysis, prostate-specific antigen, transrectal ultrasonography and pressure-flow study were performed on each patient.
Protocol for the HoLEP procedure is as follows. Each patient was placed in the lithotomy position under spinal anesthesia. The urethra was dilated with a 30 Fr metal catheter prior to introduction of a working sheath. We used a 80W holmium laser ( Perioperative clinical variables, including enucleation weight, enucleation time, morcellation time, enucleation ratio (enucleation weight/transitional zone volume), enucleation efficacy (enucleated weight/enucleation time), enucleation ratio efficacy (enucleation ratio/ enucleation time), and early complications were recorded prospectively on a planned data registry form. These data were retrieved from the registered database, and then analyzed. This study was approved by the institutional review board (IRB) of Seoul National University Hospital.
Basic data were expressed by a descriptive method. Data for analysis of the learning curve were compared using the Student t-test, ANOVA and chi-square tests. To compare postoperative outcomes with preoperative outcomes, a paired samples t-test was used. To determine the relationship between enucleation efficacy and prostate volume, we performed linear regression analysis. All data were analyzed using SPSS version 17.0 (SPSS, Inc. Chicago, USA). For all statistical comparisons, significance was considered when p <0.05.
ReSULTS
Patients' mean age was 68.9±6.1 (S.D.) years, and mean preoperative prostatic specific antigen level was 3.5±3.1 (S.D.) ng/mL. Mean prostate volume was 62.7 mL (range 21-162) and preoperative International Prostate Symptom Score (IPSS) was 18.8±7.7 (S.D.). Mean preoperative maximum flow rate and postvoid residual were 9.6±4.7 (S.D) mL/sec and 86.5±124.6 (S.D.) mL, respectively. Various operative parameters related to learning curve were summarized in Table-1 along with the number of cases experienced. There was no TURP conversion. Median duration of postoperative catheter indwelling and hospital stay was equal to 1 day (mean 1.61, range 1-7 and mean 2.61, range 1-6, respectively). Preoperative and postoperative functional outcomes at 6 months are presented in Table-2. A total of 31 surgery-related complications were recorded in 27 patients (19.3%) ( Table-3) . However, all complications were mild and transient, so they were easily and properly managed. No patient developed stress urinary incontinence persistent for more than 3 months.
Enucleation efficacy had a strong linear correlation with total prostate volume (correlation coefficient, R=0.701, p<0.001) and transitional zone volume (R=0.740, p<0.001) (Figure-1 ). Figure-2 summarizes the changes in operative parameters in the order of sequential cases. Enucleation efficacy was increased in the first 50 cases, however the enucleation ratio did not change significantly. The estimated prostate volume did not changed in the first 20 cases, compared to the next 20 cases (mean values 53.9 vs. 50.6 mL, p=0.587). However, there was significant increase in estimated prostate volume from case number 41 to 60, compared to the prior 20 cases (mean value 70.1 mL, p=0.015). Enucleation ratio efficacy, having eliminated the confounding effect of prostate size, reached a plateau around the twenty-fifth case. And this parameter agreed with the surgeon's confidence in his operative skills.
DIScUSSIOn
TURP and open prostatectomy have been the treatments of choice for moderate (30-80 mL) and large (>80-100 mL) size BPH prostates respectively (2, 14) . TURP has been the standard surgical treatment for symptomatic BPH. TURP has high rate of success and imposes low economic burden. However, in 2.0-4.8% of cases, transfusion is required, and TURP syndrome, a dilutional hyponatremia that occurs when the irrigant is absorbed into the bloodstream, occurs in 1.1% of cases. The chance of TURP syndrome significantly increases when the prostate gland is larger than 45g, or the resection time is longer than 90 min (15) . Most of all, one study showed that 14.7% of patients who underwent TURP required reoperation at the eighth year of follow-up (16) . For these reasons, many alternative treatment options are been actively researched.
HoLEP is the most extensively studied laser therapy for BPH. Randomized control studies have shown that symptom improvement attained after HoLEP is comparable to that obtained following TURP, with favorable results including removed tissue weight, duration of catheterization, hospital stay, need for blood transfusions, and the absence of TURP syndrome (4, 5, (17) (18) (19) . Similar treatment outcomes have been demonstrated when HoLEP was compared to open prostatectomy for the treatment of large prostates. Surgical time and removed tissue weight were better in open prostatectomy, but duration of catheterization, hospital stay and bleeding were better in HoLEP (9, 11, 20, 21 HoLEP can be performed effectively after about 50 cases, with an outcome comparable to that of experts (12). Their conclusion was based on enucleation efficacy analysis and complication rate. Seki et al. argued that HoLEP can be taught even without a proper instructor, and in that report at least 50 cases of operative experience was needed to attain competency (13) . These results were derived from a plateau curve of tissue enucleation efficacy. We found that reports based on subjective experience or confidence concluded that HoLEP competency required 20-30 cases of experience (6, 11) . On the other hand, reports based on enucleation efficacy concluded that at least 50 cases were needed to attain competency (12, 13) . Enucleation efficacy is considered to be a more objective parameter to estimate operative learning curve. However, there is a discrepancy between enucleation efficacy and self confidence regarding the HoLEP procedure. In July 2008, our institution began offering HoLEP. There was no experienced urologist in the Republic of Korea at the time, and HoLEP was self-taught by reviewing expert videos. Our results, demonstrating quick symptomatic improvement and a reasonable complication rate, are consistent with that previously published (23) . Moreover, while Placer et al. reported that persistent stress urinary incontinence (4.8%) occurred during initial enucleation of large-sized prostates in the selftaught situation, there was no persistent stress urinary incontinence in our series (24) .
In this study, enucleation efficacy increased in the initial cases, and the plateau was reached around the fiftieth case. In contrast, the enucleation ratio did not show significant difference. However, enucleation efficacy had a strong linear correlation with prostate size. This implies that HoLEP is more effective for larger prostates, and enucleation efficacy is also confounded by prostate size. There was no difference between the first 20 cases and the next 20 cases in terms of prostate volume, but the subsequent 20 cases were of significantly larger prostates than the prior 20 cases. Thus, during the first 40 cases the enucleation efficacy has increased mainly by technical improvement, and during the later period increased efficacy was obtained due to case selection of larger prostates after the surgeon had gained confidence. This can also be observed in the enucleation time curve. This phenomenon is consistent with a previous report (24) .
As a result, we propose a new parameter, 'enucleation ratio efficacy', to estimate the operative learning curve for HoLEP. It is defined as enucleation ratio divided by enucleation time and this is identical to enucleation efficacy divided by transitional zone volume. This new parameter can eliminate the confounding effect of prostate size from enucleation efficacy. In this series, the correlation coefficient between enucleation ratio efficacy and prostate size was only -0.101 (p=0.233). Furthermore, the enucleation ratio efficacy stabilized after 25 cases, and this observation was consistent with the surgeon's confidence in his operative skills. We believe this parameter reflects the surgeon's skills more accurately than enucleation efficacy by eliminating size as a confounding effect. Both enucleation efficacy and enucleation ratio efficacy reduced after reaching the plateau. We think that it occurred because the surgeon, once having gained confidence, had more time for meticulous bleeding control and completing the procedure.
The clinical outcomes were not different between the groups along cases. In all patients, objective outcomes (maximum flow rate and post void residual volume) significantly improved immediately from the first visit. In contrast, subjective outcomes, especially IPSS total score, stabilized 3 months after surgery.
While the surgeon's competency to perform HoLEP could be attained after 25 cases, complications were significantly reduced after 80 cases, although they were mild. Overall, 19.3% of patients experienced complications related to surgery. However, most of these complications were mild and transient. Clavien classification (25) III complications developed in 4 patients (2.9%), and highergrade adverse events did not occur. Surgeons should be careful in minimizing complications after gaining confidence with their surgical skills by the lesson from this series. Seki et al. reported high incidence of urethral stricture (7%) and they laid the responsibility to the larger nephroscopes (26Fr). However, only one patient (0.7%) experienced urethral stricture in our series. We do not believe that a systematic use of a 26Fr working sheath could increase the incidence of urethral complications, if surgeon carefully performs HoLEP.
We believe that performing an extensive literature review on surgical technique and watching and analyzing videos of procedures recorded by an expert are very important. Moreover, we advocate repeated self-training with records and videos of their own cases. In doing so, the learning curve which is thought to be steep could be overcomed in a shorter period of time. This could be even more apparent if a surgeon already has considerable experience in endourological procedures. Despite the "self-taught" situation in our series, there was an overall low incidence of complications.
In the analysis, there were three patients whose prostate volumes were less than 25 mL. Their transitional zone volumes were between 8 -9 mL and anatomical obstructions secondary to median lobe enlargement were found on urethrocystoscopy. These cases could be ideal candidates for transurethral incision of the prostate. However, we chose HoLEP rather than transurethral incision in an attempt to remove the whole adenoma. We included these cases in the study cohort, because that faithfully reflects our real practice.
Our study has several limitations. The major pitfall is the retrospective nature of the study. Notwithstanding, all consecutive patients were enrolled to avoid potential selection bias. Furthermore, all data were collected prospectively using a planned data registry form. It would be more informative if long-term follow-up results could be presented. However, we believe that surgical competency could be reasonably assessed with shortterm outcomes of six months. The other limitation is that the study was conducted on patients operated by one surgeon. Our proposed parameter, enucleation ratio efficacy, should be evaluated with several surgeons in the future, to determine if it is generally acceptable.
cOncLUSIOnS
Our results demonstrated that the learning curve can be overcome after about 25 cases, even in a non-mentor-aided situation. We believe that a more appropriate parameter for estimating the learning curve is enucleation ratio efficacy rather than enucleation efficacy. ABBReVIATIOnS BPH = Benign prostatic hyperplasia; TURP = transurethral resection of the prostate; PVP = photoselective vaporization of the prostate; HoLEP = holmium laser enucleation of the prostate; ThuLEP = thulium laser enucleation of the prostate; IPSS = International Prostate Symptom Score; QoL = quality of life; IRB = institutional review board; SUI = stress urinary incontinence
